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1. INTRODUCTION
1.1. Lie , Lie Virasoro




, 2 . Lie Lie family
, Virasoro Lie , , Virasoro
.
$\mathrm{W}$ Virasoro . $\mathrm{W}$ “$\mathrm{W}$”
2( ).
12. , Lie $\mathfrak{g}$ , $\mathrm{W}$ $\mathcal{W}(\mathfrak{g})$
. ( $\mathfrak{g}$ Lie $\hat{\mathfrak{g}}$ ) $(A,$ $D$
) ([Zm85, FZ87, FL88]), B. Feigin E.






13. $\mathrm{W}$ “ ” .
$\mathcal{W}(\mathfrak{g})$ $\mathfrak{g}=\epsilon \mathfrak{l}_{2}$ : $\mathcal{W}\langle\epsilon \mathrm{f}_{2}$ ) Virasoro $Vir$
. $V\mathrm{i}r$ .
: $L_{n}(n\in \mathbb{Z}),$ $\mathrm{c}$
: $[L_{n}, \mathrm{c}]=0$
$[L_{m}, L_{n}]=(m-n)L_{m+n}+ \frac{1}{12}m(m^{2}-1)\delta_{m+n,0^{\mathrm{C}}}$ .
1 Lie , (admissible representations) ,
. ( , $\hat{\mathfrak{g}}$
([KW89]).)





: $\mathrm{c},$ $L_{n}(n\in \mathbb{Z}),$ $W_{n}(n\in \mathbb{Z})$ ,








: $L_{n-k}L_{k}:- \frac{3}{10}\langle n+2)(n+3)L_{n}$ .
, $22+5\mathrm{c}$
. , $W_{n}$ $22+5\mathrm{c}$ . ( ,
.) $\Lambda_{n}$ 4.
, Lie . Virasoro $\mathcal{W}(\mathfrak{g})$
Lie , 5 6
14. , $\mathcal{W}(\mathfrak{g})$ 7 Lie .
Virasoro ?
Yes . , $\mathcal{W}(\mathfrak{g})$ Virasoro
;
Conjecture 1(E. Frenkel, V. Kac and M. Wakimoto [FKW92]).





, $H.(V)$ Lie (semi-infinite ) ((9) ).
$\hat{L}(\lambda)$ $\lambda$ . $\lambda$
$3\mathcal{W}(\epsilon\iota_{N})$ $\mathcal{W}_{N}$ ,
$4_{:}$ : . ,
:L Ln $=\{$
$L_{m}L_{n}$ $(m<0)$
$L_{n}L_{m}$ $(m\geq 0)$ .
$5_{\mathrm{v}\mathrm{e}\mathrm{r}\mathrm{t}\mathrm{e}\mathrm{x}}$ algebra; ( ) vertex operator algebra (VOA)
$\mathrm{t}$ ‘ Virasoro
. (Virasoro $\mathrm{V}\mathrm{O}\mathrm{A}.$ )
6 , $\mathcal{W}(\mathfrak{g})$ $\mathrm{c}$ : $\mathrm{c}$
(2) $c(k)=$ -12(\kappa |\rho $|^{2}-(\rho, \rho^{\vee}\rangle+|\rho|^{2}/\mathit{1}\sigma)$






Conjecture 2 ([FKW92]). $\lambda$ , $H_{i\neq 0}(\hat{L}(\lambda))=0$ . ,
$H_{0}(\hat{L}(\lambda))$
Conjecture 1 Conjecture 2 ; , $\mathcal{F}(\hat{L}(\lambda))$
$\mathrm{c}\mathrm{h}\hat{L}(\lambda)\mathrm{x}$ $\prod$ $(1-e^{-\alpha})$
$\alpha\in\hat{\Delta}_{+}^{\mathrm{r}\mathrm{e}}$






15. Conjecture 2 [A2, A4] . ,
:
Theorem 1 ([A4]).
(1) $\hat{\mathfrak{g}}$ $13\mathcal{O}$ $V$ $H_{i\neq 0}(V)=0$ .




(4) $\lambda$ regular dominant ( , $\langle\lambda+\rho,$ $\alpha^{\vee}\rangle\not\in-\mathrm{N}(\forall\alpha\in\triangle-\backslash )+$ ).
(5) the $\mathbb{Q}$-span of { $\alpha^{\vee}\in\hat{\Delta}_{+}^{\vee}"$ ; $\langle$A $+\rho,$ $\alpha^{\vee}\rangle\in \mathbb{Z}$ } $=$ the $\mathbb{Q}$-span of $\Delta_{+}^{\vee \mathrm{r}\mathrm{e}}$






$\text{ }$ homogeneous speciaiization”.
( well-defined ) , $C.(V)$ $H.(V)$ Chevalley
((9) ). Euler-Poincare .
11 $k\in \mathbb{Q}$ .
$12\mathfrak{g}=\epsilon \mathrm{r}_{2}$ Virasoro .
13 0 $V$ $\hat{\mathfrak{g}}$ .
(a) $V$ . , $V=\oplus_{\lambda\in\hat{\mathfrak{h}}^{*}}V^{\lambda},$ $V^{\lambda}=\{v\in V;hv=\lambda(h)v(\forall h\in\hat{\mathfrak{h}})\}$ .
(b) $\hat{\mathfrak{h}}$ $\{\mu_{1}, \ldots, \mu_{r}\}$ , $V^{\lambda}\neq 0$ $\lambda$ $\mu:-\hat{Q}+$ .
, $\hat{Q}+=\sum_{\alpha\in\hat{\Delta}}\mathbb{Z}\geq 0\alpha+\cdot$
( $\hat{L}(\lambda)$ 0 )
14classical part; $\mathrm{g}$ .
15M(\lambda -)(= \lambda - Vbrma ) .
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$\lambda$ Verma $\overline{M}(\lambda)$ . ,
$\mathrm{c}\mathrm{h}\hat{L}(\lambda)=\sum_{\mu}m_{\lambda,\mu}\mathrm{c}\mathrm{h}\overline{M}(\mu)=\sum_{\mu}m_{\lambda,\mu}e^{\lambda}\prod_{i\geq 1}(1-q^{-i})^{-l},\prod_{\in\hat{\Delta}_{+}^{\mathrm{r}\mathrm{e}}}(1-e^{-}’)^{-1}$
$(m_{\lambda,\mu}\in \mathbb{Z}, q=e^{\delta})$ . , Theorem 1(1)
(6) $\mathrm{c}\mathrm{h}H_{0}(L(\lambda))=\sum_{\mu}m_{\lambda,\mu}q^{\mu(D)}\prod_{i\geq 1}(1-q^{-i})^{-l}$ .
. $m_{\lambda,\mu}$ Kashiwara-Tanisaki-Cassian [KT96, KT98, KTOO, Cs96]
Kazhdan-Lusztig 16. , Theorem
1(2) and (3) , $\mathcal{W}(\mathfrak{g})$
17.
Remark 1. Theorem 1 $k=-h^{\vee}$ .
Theorem 1 , Kac-Kazhdan [KK79] (
) ([A5] cf. [Hy88]).
16. $\mathrm{W}$ (cf. $[\mathrm{S}\mathrm{T}93$ ,
$\mathrm{d}\mathrm{B}\mathrm{T}97])$ , V. Kac, S.-S. Roan M. Wakimoto [KRW03]
. $[\mathrm{K}\mathrm{R}\mathrm{W}03]$ ,
$\bullet$ even invariant super-symmetric bilinear form $( , )$ $\nearrow\backslash ^{\mathrm{O}}$– Lie
$\mathfrak{g}$ ,
$\bullet$
$\mathfrak{g}$ even part $e$
$(\mathfrak{g}, e)$ , $\mathrm{W}$ $\mathcal{W}(\mathfrak{g}, e)$ . ( $\mathcal{W}(\mathfrak{g})$






Conjecture 3(V. Kac, S.-S. Roan and M. Wakimoto [KRW03]). $\lambda$ $\hat{\mathfrak{g}}$
, $H^{\cdot}(V)$ BRST , $H^{\mathrm{i}\neq 0}(\hat{L}(\lambda))=$
$0$ , $H^{0}(\hat{L}(\lambda))$ .
$e$ minimal , Conjecture 3 [A3] . , Theorem 1
. , $\mathcal{W}(\mathfrak{g}, e)$ ( $e$ :minimal)
, Lie
([A3]).
Remark 2. 1.4 “ ” , Conjecture 3
“ ”
( ), .




17. , $\mathcal{W}(\mathfrak{g})=\mathcal{W}$( $\mathfrak{g}$ , principal)
. $\mathfrak{g}$ Lie , $e$








21. Lie Lie $\mathfrak{g}$ ( chiralization)
. , Virasoro $Vir(=\mathcal{W}(\epsilon[_{2}))$ zero-mode
“
$\mathbb{C}L_{0}$
” chiralization . , $L_{0}$ Casimir $\Omega$
, $\mathcal{Z}(\epsilon(_{2})=\mathbb{C}[\Omega]$ 18 , $\mathcal{W}(\epsilon[_{2})$ $\mathcal{Z}(\epsilon \mathrm{t}_{2})$ chiralization
.
(principal nilpotent ) $\mathrm{W}$ $\mathcal{W}(\mathfrak{g})$ $\mathcal{Z}(\mathfrak{g})$ chiralization
. , Feigin-Frenkel [FF90] .
.
Theorem 2([A4]). $\mathcal{W}(\mathfrak{g})$ 19 $Zhu$ $fl\mathrm{Z}\mathrm{h}96$]) $\mathcal{Z}(\mathfrak{g})$ .
Remark 3 universal vertex algebra Zhu $U(\mathfrak{g})$
([FZ92]).
$\mathcal{W}(\mathfrak{g}, e)$ , Theorem 2 .
Theorem 3 $([\mathrm{K}\mathrm{d}\mathrm{S}05])$ . $\mathcal{W}(\mathfrak{g}, e)$ 20 $Zhu$ $W$ $\mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$
.
$\mathrm{W}$ .
22. , $\mathfrak{g}$ ( )Lie . , $e$ $\mathfrak{g}$ ,
.
Assumption 1.





(2) $\mathrm{a}\mathrm{d}e\cdot \mathfrak{g}j-1arrow \mathfrak{g}_{j}$ $j\leq 0$
(3) $\mathrm{a}\mathrm{d}e\cdot \mathfrak{g}jarrow \mathfrak{g}_{j+1}$ $\acute{J}\geq 0$





19 $w_{k}(\mathfrak{g})(\forall k\in \mathbb{C})$ Zhu ( 6 )
2O $w_{k}(\mathfrak{g}, e)(\forall k\in \mathbb{C})$ Zhu
157





. , $p([9-, 9-])=0$ , $p$ g- .
$\mathfrak{g}$
$V$
Wh(V) $=$ {$v\in V;xv=p(x)v$ for all $x\in \mathfrak{g}$ -},
$\mathrm{W}\mathrm{h}^{\mathrm{g}\mathrm{e}\mathrm{n}}(V)=\{v\in V;(x-p(x))^{r}v=0(r\gg \mathrm{O})\forall x\in \mathfrak{g}-\}$.
.
Lemma 1. Wh (V) $V$ $\mathfrak{g}$ .
$V=\mathrm{W}\mathrm{h}^{\mathrm{g}\mathrm{e}\mathrm{n}}(V)$ , $V$ Whittaker 21 .
( $e$ ) Gelfand-Graev 22 $\mathrm{Y}$ ,
. :
$\mathrm{Y}=U(\mathfrak{g})\otimes_{U(9-)}\mathbb{C}_{p}$ .
, $\mathbb{C}_{p}=U(\mathfrak{g}_{-})/\mathrm{k}\mathrm{e}\mathrm{r}p$. Frobenius .
Wh(V) $\cong \mathrm{H}\mathrm{o}\mathrm{m}_{U(\mathfrak{g})}(\mathrm{Y}, V)$ $(V\in \mathfrak{g}- \mathrm{M}\mathrm{o}\mathrm{d})$ .




Remark 5. $\mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$ good grading
$([\mathrm{B}\mathrm{G}05])$ .
Remark 6. $\tilde{C}$ Whittaker $\mathfrak{g}$ -Mod .,
$V\mapsto \mathrm{W}\mathrm{h}(V)$
$\tilde{C}$
$\mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$ ([Sk02]). ,
$E\mapsto \mathrm{Y}\otimes_{\mathcal{W}^{\mathrm{f}\mathrm{i}\mathrm{n}}(\mathfrak{g},\mathrm{e})}E$ .
Remark 7. $\mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$ $e$ Slodowy $S$
([P02]). , filtration23 , graded algebra
$\mathrm{g}\mathrm{r}\mathcal{W}^{\mathrm{f}\mathrm{i}\mathrm{n}}$( $e$ ) $S$ $\mathbb{C}[S]$ (Poisson ) .
Remark 8. Remark 5-7 Assumption 1 .
21generalized Whittaker modules
$22\mathrm{g}\mathrm{e}\mathrm{n}\mathrm{e}\mathrm{r}\mathrm{a}\mathrm{l}\mathrm{i}\mathrm{z}\mathrm{e}\mathrm{d}$ Gelfand-Graev representation ([Kw85])
$23\mathrm{K}\mathrm{a}\mathrm{z}\mathrm{h}\mathrm{d}\mathrm{a}\mathrm{n}$ fi ration . filtration $\mathrm{W}$
.
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Remark 9. J. Brundun A. Kleshchev [BK04] , $A$ , $\mathcal{W}^{\mathrm{f}\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$
$Y(\mathfrak{g}\mathfrak{l}_{n})$ subquotient , “ ”
. $\mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}$ ( $e$ )
([BK05]). , .
“( $A$ ) $\mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$ $Y(\mathfrak{g}\mathfrak{l}_{n})$
”.
, $\mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$ $Y(\mathfrak{g}[_{n})$
. $\mathrm{Y}(\mathfrak{g}\mathfrak{l}_{n})$ ([Al,
V98, N05]) , Brundun-Kleshchev (non-simply laced )
. , $\mathrm{W}$
, .
3. THE REALIZATION OF FINITE $\mathrm{W}$-ALGEBRAS VIA BRST COHOMOLOGY
3.1. , $\mathrm{W}$ , - Gelfand-Graev End
. , Lie Gelfand-Graev
24 , chiralization .
, $\mathrm{W}$ $\mathrm{W}$
.
BRST $\mathrm{W}$ . , Kostant-
Sternberg [Ks87] BSRT cohomology Hamfltonian .
$\mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$ Poisson $\mathbb{C}[S]$ (Remark 7 ), $\mathbb{C}[S]$
Poisson Hamiltonian .
32. $\mathfrak{g}$ Cartan $\mathfrak{h}$ $90$ . $\Delta$ $\mathfrak{g}$
, $\Delta=$ $\mathrm{u}_{j\in \mathbb{Z}}\Delta_{j}$ . , $\Delta_{j}$ $\nearrow\triangleright-\text{ }$ .












33. $\mathrm{C}l$ $\mathfrak{g}_{-}\oplus \mathfrak{g}_{-}^{*}$ Clifford .
, $Cl$ .
: $\psi_{\alpha},$ $\psi_{\alpha}^{*}$ $(\alpha\in\Delta(\mathfrak{g}-))$
: $\{\psi_{\alpha}, \psi_{\beta}^{*}\}=\delta_{\alpha,\beta}$ , $\{\psi_{\alpha},\psi_{\beta}\}=\{\psi_{\alpha}^{*}, \psi_{\beta}^{*}\}=0$ .
U(g)\otimes C ,
. ( $u\in U(\mathfrak{g})$ even, $\psi_{\alpha},$ $\psi_{\alpha}^{*}(\alpha\in\Delta(\mathfrak{g}$ -)) odd)
24 .
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, $[x_{\alpha’\beta}x]= \sum_{\gamma}c_{\alpha,\beta}^{\gamma}x_{\gamma}$ . (x $\mathfrak{g}$ J ) $p$
$\sum_{\alpha\in\Delta(9-)}p(x,)\psi_{\alpha}^{*}\in Cl$ .
Lemma 2. $[Q^{\mathrm{s}\mathrm{t}}, Q^{\mathrm{s}\mathrm{t}}](=2Q^{\mathrm{s}\mathrm{t}})=0,$ $[p, p]=0,$ $[Q^{\mathrm{s}\mathrm{t}},p]=0$ ,
$[Q, Q]=0$ , ,
$Q^{2}=\mathit{0}$
.
34. Lemma 2 , $U(\mathfrak{g})\otimes Cl$
$(\mathrm{a}\mathrm{d}Q)^{2}=0$
25. ,
$\deg\psi_{\alpha}=1,$ $\deg\psi_{\alpha}^{*}=-1$ $(\alpha\in\Delta(\mathfrak{g}-))$ ,
$\deg u=0$ $(u\in U(\mathfrak{g}))$ .
, $Q$ 1 , (U( )\otimes Cl, $\mathrm{a}\mathrm{d}Q$ )
.
$H$.( $U$ ( ) $\otimes Cl$ , $\mathrm{a}\mathrm{d}Q$) $=\oplus H_{i}(U(\mathfrak{g})\otimes Cl, \mathrm{a}\mathrm{d}Q)$
$\mathrm{i}\in \mathbb{Z}$
$U(\mathfrak{g})\otimes Cl$ ( $\mathbb{Z}$-graded) .
Theorem 4. $H_{i\neq 0}(U(\mathfrak{g})\otimes Cl, \mathrm{a}\mathrm{d}Q)=0$ ,
$H_{0}(U(\mathfrak{g})\otimes Cl, \mathrm{a}\mathrm{d}Q)\cong \mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$ ,
.
35. $V$ $\mathfrak{g}$ , $\Lambda(\mathfrak{g}_{-})$ - Grassmann . V\otimes A( -)
$U(\mathfrak{g})\otimes \mathrm{C}l$ . Lemma 2 , $(V\otimes\Lambda(\mathfrak{g}-), Q)$
. $H_{i}(V\otimes\Lambda(\mathfrak{g}_{-}), Q)(\mathrm{i}\in \mathbb{Z}_{\geq 0})$ , $U(\mathfrak{g})\otimes \mathrm{C}l$
$V\otimes\Lambda(\mathfrak{g}_{-})$ , $H_{0}(U(\mathfrak{g})\otimes \mathrm{C}l, \mathrm{a}\zeta 1Q)=\mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}(\mathfrak{g}, e)$ $H_{\mathrm{i}}(V\otimes\Lambda(\mathfrak{g}_{-}), Q)$
. , $Q$ , $(V\otimes\Lambda(\mathfrak{g}_{-}), Q)$ Lie
H.( -, $V\otimes \mathbb{C}_{p}$) Chevalley .
, $H.(V\otimes\Lambda(\mathrm{B}-), Q)=H.(\mathfrak{g}_{-}, V\otimes \mathbb{C}_{p})$ ,
.
$\mathrm{f}H_{i}^{\mathrm{i}\mathrm{n}}(?)=H_{i}$ ( -, $?\otimes \mathbb{C}_{p}$ ) : $-\mathrm{M}\mathrm{o}\mathrm{d}arrow \mathrm{f}\mathcal{W}^{\mathrm{i}\mathrm{n}}$ $(\mathfrak{g}, e)$-Mod
def
$(i\in \mathbb{Z}\geq 0)$ .
25 ad adjoint ,
180
36. $\mathrm{f}\mathcal{O}^{\mathrm{i}\mathrm{n}}$ $\mathfrak{g}$ BGG ([BGG76]) , $\mathrm{f}\mathcal{O}_{0}^{\mathrm{i}\mathrm{n}}$ :
$\mathcal{O}_{0}^{\mathrm{f}\mathrm{i}\mathrm{n}}=$ { $V\in \mathrm{f}\mathcal{O}^{\mathrm{i}\mathrm{n}}$ ; $\mathrm{V}$ $90$ }.
$\mathcal{W}_{k}(\mathfrak{g}, e)$ Fin $\mathcal{W}_{k}(\mathfrak{g}, e)$ .
Theorem 5. $\mathrm{f}\mathcal{O}_{0}^{\mathrm{i}\mathrm{n}}$ $V$ $\mathrm{f}H_{i\neq 0}^{\mathrm{i}\mathrm{n}}(V)=0$
, $\mathrm{f}H_{0}^{\mathrm{i}\mathrm{n}}$ $(V)$ . , $\mathrm{f}H_{0}^{\mathrm{i}\mathrm{n}}$ (?) $\mathrm{f}\mathcal{O}_{0}^{\mathrm{i}\mathrm{n}}$ $\mathrm{F}_{\dot{\mathrm{I}}\cap}\mathcal{W}_{k}(\mathfrak{g}, e)$
.
Theorem 6 ( $A$ Brundun-Kleshchev $[\mathrm{B}\mathrm{K}05]$ ). :
$e$ , $\mathfrak{g}$ $Lev\acute{\iota}$ $pr\dot{\mathrm{v}}ncipal$ .
$L\in \mathrm{f}\mathcal{O}_{0}^{\mathrm{i}\mathrm{n}}$ $\mathrm{f}H_{0}^{\mathrm{i}\mathrm{n}}(L)$ .
Remark 10. $A$ Theorem 6 .
4. CHIRALIZATION OF FINITE $\mathrm{W}$-ALGEBRAS
4.1. “chiralize” , $\mathrm{W}$ ,
$\mathrm{W}$ :
$\bullet$
$\mathfrak{g}$ Lie $=\mathfrak{g}\otimes \mathbb{C}[t, t^{-1}]\oplus \mathbb{C}K$ ;
$L\mathfrak{g}_{-}=\mathfrak{g}_{-}\otimes \mathbb{C}[t, t^{-1}]\subset$ ;
$\bullet$
$\mathrm{C}l$ $L\text{ }-\oplus(L\mathfrak{g}-)^{*}$ Clifford $\hat{Cl}$
. :
: $\psi,(n),$ $\psi_{\alpha}^{*}(n)$ $(\alpha\in\Delta(\emptyset-), n\in \mathbb{Z})$ ,
: $\{\psi_{\alpha}(m), \psi_{\beta}^{*}(n)\}=\delta_{\alpha,\beta}\delta_{m+n,0}$ ,
$\{\psi_{\alpha}(m), \psi_{\beta}(n)\}=\{\psi_{\alpha}^{*}(m), \psi_{\beta}^{*}(n)\}=0$ ;
$\bullet$ $Q=Q^{\mathrm{s}\mathrm{t}}+p$ $\hat{Q}=\hat{Q}^{\mathrm{s}\mathrm{t}}+\hat{p}$ . ,
$\hat{Q}^{\mathrm{s}\mathrm{t}}=\sum_{\alpha\in\Delta\langle \mathfrak{g}-),k\in \mathbb{Z}}x,(-k)\psi_{\alpha}^{*}(k)-\frac{1}{2}\sum_{\alpha,\beta,\gamma\in\Delta\langle \mathfrak{g}-\rangle}c_{\alpha,\beta}^{\gamma}\psi_{\alpha}^{*}(k)\psi_{\beta}^{*}(l)\psi_{\gamma}(m)$
,
$\hat{p}=$ $\sum$ $p(x_{\alpha})\psi_{\alpha}^{*}(0)$ .
\mbox{\boldmath $\alpha$}\in \Delta ( -)
$(x(k)=x\otimes t^{k}\in\hat{\mathfrak{g}}.)$
, $\mathrm{W}$ $\mathcal{W}(\mathfrak{g}, e)$
“$\mathcal{W}(\mathfrak{g}, e)=H_{0}(U(\hat{\mathfrak{g}})\otimes\hat{\mathrm{C}l}, \mathrm{a}\mathrm{d}\hat{Q})’’$
(Theorem 4 ), $\hat{Q}$
. , $U(\hat{\mathfrak{g}})\otimes\hat{\mathrm{C}l}$ .




$\deg x(n)=\deg\psi_{\alpha}(n)=\deg\psi_{\alpha}^{*}(n)=n,$ $\deg 1=0$ .
1B1





(8) “ $\mathcal{W}_{k}(\mathfrak{g}, e)=H_{0}(U_{k}\overline{(\hat{\mathfrak{g}})\otimes}\hat{\mathrm{C}l}, \mathrm{a}\mathrm{d}\hat{Q})$ $(k\in \mathbb{C})’’$ .
$\mathcal{W}_{k}(\mathfrak{g}, e)$ . , (8)
, Introduction $\mathcal{W}_{k}(\mathfrak{g}, e)$
. (8) .
Theorem $\tau$ . :
$\mathcal{U}(\mathcal{W}_{k}(\mathfrak{g}, e))\cong H_{0}(U_{k}(\hat{\mathrm{g}})\otimes\hat{\mathrm{C}}l, \mathrm{a}\mathrm{d}\hat{Q})$.
, $V$ $\mathcal{U}(V)$ ($Frenkelarrow Zhu$ [FZ92] )
Remark 11. $H_{\mathrm{i}\neq 0}(U_{k}\overline{(\hat{\mathfrak{g}})\otimes}\hat{C}l, \mathrm{a}\mathrm{d}\hat{Q})=0$ .
$V$ , $V$ $\mathcal{U}(V)$ . ,
$\mathrm{W}$ $\mathcal{W}_{k}(\mathfrak{g}, e)$ , (8) $\mathrm{W}$ “ ”
.
Remark 12. $k\neq-h^{\vee}$ $\mathcal{W}_{k}(\mathfrak{g}, e)$ VOA , $c(k)$
( 6).
42. $\mathrm{W}$ $\mathcal{W}_{k}(\mathfrak{g}, e)$
: $\Lambda^{\frac{\infty}{2}}(L\mathfrak{g}-)$ 1 $\hat{\mathrm{C}}l$
.
$\psi_{\alpha}(n)1=\psi_{\alpha}^{*}(n+1)1=0$ $(\alpha\in\Delta(\mathfrak{g}-), n\geq 0)$ .
$\mathcal{O}_{k}$ level $k$ BGG , , $\mathcal{O}_{k}=$ { $V\in \mathcal{O};V$ $K=k\mathrm{i}\mathrm{d}v$ } 6
, $\mathcal{O}_{k,0}$ , $\mathfrak{g}$ $\mathrm{f}\mathcal{O}_{0}^{\mathrm{i}\mathrm{n}}$ $\mathcal{O}_{k}$
. , $V\in \mathcal{O}_{k,0}$ , $V\otimes\Lambda^{\frac{\infty}{2}}$ (L -) $U_{k}(\hat{\mathfrak{g}})\otimes\hat{\mathrm{C}}l$
. , $\mathrm{W}$
(9) $H.(V)\mathrm{d}\mathrm{e}\mathrm{f}=H.$ ( $V\otimes\Lambda^{\frac{\infty}{2}}$ (L -), $\hat{Q}$ )
1 $k(\mathfrak{g}, e)$ .
Remark 13. $H.(V)=H_{\frac{\infty}{2}+}.(L\mathfrak{g}_{-}, V\otimes \mathbb{C}_{\hat{p}})$ ([Fe84]).
1B2
43, .
Theorem 8. $\mathcal{O}_{k,0}$ $V$ $H_{i\neq 0}(V)=0$ .
Theorem 8
$H_{0}(?)$ : $\mathcal{O}_{k,0}arrow \mathcal{W}_{k}(\mathfrak{g}, e)$ -Mod
$k\in \mathbb{C}$ .
Theorem 9.
(1) $\mathcal{O}_{k,0}$ $L$ $H_{0}(L)$ almost $\mathrm{i}rreduc\mathrm{i}ble^{26}$
.
(2) $e$ eorem 6 , $\mathcal{O}_{k,0}$ $L$
$H_{0}(L)$ .
Remark 14. $A$ , Brundan-Kleshchev [BK05] , $\mathcal{W}_{k}(\mathfrak{g}, e)$
$H_{0}(L(\lambda))(L(\lambda)\in \mathcal{O}_{k,0})$ .
$A$ , Theorem 9(2) $\mathcal{W}_{k}(\mathfrak{g}, e)$
( , k=-h ).
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